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Abstract 


This paper explores the outcome of an international environmental agreement when the 
governments are elected by their citizens. It also considers a voter’s incentives for supporting 
candidates who are less green than she is. In the extreme case of “global” pollution, the 
elected politicians pay no attention to the environment, and the resulting international agree- 
ment is totally ineffective. Moreover, if governments cannot negotiate and have to decide non- 
cooperatively (and voters are aware of this), the elected politicians can be greener, ecological 
damage can be lower and the median voter’s payoff can be higher than in the case with bargaining. 


Keywords: International environmental agreements; strategic delegation; Nash bargaining; 
majority voting; transboundary pollution 
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I. Introduction 


In recent decades, environmental degradation has received increasingly 
greater publicity. Despite growing concern about the future of the ecological 
system, many problems remain unsolved. Particular difficulties arise in the 
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context of transboundary pollution, where the economic activities of one 
country have negative effects on other regions. Since national governments 
do not take these externalities into account when they decide on their 
environmental policies, their non-cooperative strategies generally lead to 
an inefficiently poor state of the ecological system. 

Implementing an efficient allocation requires cooperation among countries, 
but attempts to reach international environmental agreements (IEAs) are far 
from resulting in a success story. Although there are currently a large number 
of treaties, not much progress has been made. In an empirical study on the 
Montreal protocol, for instance, Murdoch and Sandler (1997) argue that the 
CFC cutbacks agreed on fit the predictions of a non-cooperative Nash equili- 
brium. If this is true, the contract merely sets out the emission reduction the 
countries would have chosen even if there had been no negotiations at all. This 
pessimistic assessment is reinforced by Endres, Finus and Lobigs (1999), 
who provide further evidence for the failure of international cooperation on 
environmental protection by scrutinizing the data of 200 IEAs. 

The empirical findings coincide with the results in theoretical contributions 
which focus on the free-rider behavior of negotiating governments as the source 
of the ineffectiveness of IEAs; see, for instance, Barrett (1994). While in this 
strand of literature governments are generally assumed to be exogenously given, 
we consider politicians elected by heterogeneous citizens. Our approach stresses 
a different reason for lax IEAs: that the voters have incentives to deliberately 
support candidates whose environmental preferences differ from their own. 

To highlight the effects of electing governments on the shaping of an IEA, 
our basic framework combines the median-voter approach with Nash bar- 
gaining in a simple two-country model with bilateral negative externalities. In 
the first stage, the individuals in each country elect politicians who, in the second 
stage, negotiate over pollution reduction. If an agreement is reached, the treaty 
becomes binding. Otherwise, the governments elected in the two countries decide 
non-cooperatively on their environmental policies in the third stage. The outcome 
of this non-cooperative game defines the threat point for bargaining. 

In this framework, we derive rather worrisome conclusions: each citizen 
supports a candidate who is less eco-friendly than the citizen herself, since 
such strategic voting improves the bargaining position of her country.’ This 


' Crawford and Varian (1979) and Burtraw (1992) have already noted that in misrepresenting 
her own preferences, an individual raises her payoff in a bargaining solution. They analyze 
negotiations between two parties over the division of a fixed amount of money (or a good) 
between them. In this case, an individual would benefit from being less risk averse. Persson 
and Tabellini (1992) first analyzed the implications of strategic voting on international policy 
issues. In a tax competition model, they show that the median voter supports a politician to her 
left. This strategic voting mitigates the negative consequences of the governments’ race to the 
bottom. However, Persson and Tabellini (1992) focus on non-cooperative governments and 
ignore the opportunity of international negotiations. 
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implies that even if an IEA can establish an optimal environmental policy 
from the perspective of the governments, the free-rider problem is simply 
shifted from the politicians to the voters. In the extreme case of global 
pollution, the elected candidates do not assign any weight to the environment 
and the resulting IEA is totally ineffective. Moreover, if governments cannot 
negotiate and have to decide on their policy non-cooperatively (referred to as 
the “isolationist” case), the elected politicians can be greener, pollution can 
be lower, and the median voter’s payoff can be higher than in the case with 
bargaining. Thus, an IEA is not necessarily beneficial for median voters, 
even under the optimistic assumption that countries can commit to an 
international agreement. 

These conclusions reinforce a result in Hoel (1991). In line with our 
findings, he argues that a country, which unilaterally acts as if it were 
greener than it really is, harms its position in negotiations. In contrast to 
our paper, he does not explain how a country can indeed credibly commit to 
a policy that conflicts with its “true” preferences and how a subgame- 
perfect equilibrium with multilateral delegation can be characterized. 

Our paper is also related to Segendorff (1998) who considers negotiations 
between two countries over the provision of a pure international public good 
when the principals delegate bargaining power to agents. In contrast to our 
approach, he does not apply a voting model. More importantly, in his setting, 
there are no incentives for strategic delegation if negotiations do not take 
place, while in our model the governments are, in any scenario, less green 
than the pivotal voter. In this sense, our approach captures strategic delega- 
tion more comprehensively. In addition, our framework covers all degrees of 
transboundary pollution between the two extremes of purely local and 
perfectly “global” pollution. These distinct elements in our model lead 
to the interesting conclusion that we somehow confirm the results in 
Segendorff (1998), but we do so for different reasons and precisely not in 
the case he considers, i.e., that of a pure public good. A detailed comparison 
of our paper and those of Segendorff (1998) and Hoel (1991) is given in 
Section IV. 

The paper is organized as follows. Section II describes the agents and the 
relationship between the economy and the environment. In Section II we 
analyze the subgame-perfect equilibrium of the entire game and derive the 
threat point, the bargaining solution and the voting outcome. In Section IV 


? Apart from these contributions, some other papers are loosely related to ours. Eckert (2003) 
considers a specific kind of strategic delegation and analyzes whether the regional or the 
federal authority should be given the right to negotiate over an IEA. Instead of strategic voting 
or delegation, Copeland (1990), Buchholz and Konrad (1994) and Buchholz and Haslbeck 
(1997) examine technological choices and investments as a commitment device that enables a 
country to improve its position in the ensuing environmental negotiations. 
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we show how the equilibrium changes if negotiations do not take place and 
the elected governments therefore decide their policies non-cooperatively. 
This “isolationist”? case serves as a benchmark, which is compared to the 
scenario with bargaining (referred to as the “cooperative” case). We can 
thus assess the effectiveness of IEAs and whether cooperation fosters voting 
for greener politicians. In the concluding section we summarize the main 
results, briefly consider their robustness and point out some policy implica- 
tions that can be drawn from the analysis. 


II. Citizens, Governments and the Environment 


Consider two countries 1 and 2, which are symmetric in every respect. Each 
region faces a trade-off between environmental quality and its domestic pro- 
duct. This domestic product x; 2 0, i=1, 2, is equally distributed among 
country i’s inhabitants. Since the population is assumed to consist of a 
continuum of individuals in the unit interval [0,1], the variable x; captures 
national as well as private income. 

The economic activities necessary to achieve the domestic product harm 
the ecological system at home and abroad. A positive, twice-continuously 
differentiable and strictly convex function D(x; + sx;) describes the relation- 
ship between the environment and the economy (of course, j= 1, 2, 747). It 
connects country i’s environmental damage D; = D(x; + sx;) to the pollution 
level x; + sx; in region i and thus to the countries’ domestic products x; and 
x; The parameter s, 0<s <1, denotes the spillover between the regions. If 
s converges to one, the damage in a region is nearly independent of whether 
the pollution source is at home or abroad. This case is referred to as “global” 
pollution for short, although we only consider a two-country world. At the 
other extreme, with s close to zero, the environmental problem is almost 
entirely local, since a country’s ecological deterioration is more or less 
unaffected by foreign economic activities. For analytical convenience, the 
damage function is assumed to satisfy the usual Inada-type conditions, i.e., 
lim,,+sx,0 Dj = 0 and lim,,+5x,00 D; = 00, where Dj is the first derivative 
of D; with respect to “aggregate” pollution x;+ sx? 

Damage D; is measured in objective ecological terms. It captures, for 
instance, the size of forests destroyed, the decline in biodiversity and the 
deterioration of water quality. The valuation of these “facts”, however, is a 
matter of personal attitude. The intensity of preference for the environment 
differs among individuals. A constant and positive shadow price 0/' for 
environmental damage D, reflects the assessment of household / in country i. 


3 Similarly, D’’ denotes the second derivative of D; with respect to x; + sx;. In line with this notation 
and our symmetry assumption, we also write Dj = D(x; + sx;), Di = OD(x; + sxi)/O(x; + 5x1), ete. 
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Thus, 6/"D(x; + sx;) is the monetary value of the ecological loss from the 
perspective of type gf, Deducting this pecuniary equivalent of environ- 
mental degradation from h’s income yields her payoff 

V;' = x; — 07D(x; + 5x). (1) 
By ranking the individuals with respect to their personal valuation CHE the 
preference parameter of each region’s median voter 0” (= 67’ = 63') and her 
payoff V;" can be determined. 

In each country, an elected government decides on environmental policy. 
For simplicity, i’s politician in power can directly determine the domestic 
product x;. She implements the policy x; that maximizes her payoff (1) and 
thus is completely characterized by her preference parameter 0°, where the 
superscript g stands for “government”. Ignoring targets such as getting 
elected to office as an end in itself, we emphasize that the governments’ 
decisions are substantially driven by the true environmental preferences of 
the politicians.* 

The election system is modeled in a stylized way. A candidate comes into 
power when she wins every pairwise comparison with all rivals in her 
country. For analytical convenience, the electorate is assumed to have a 
continuous choice of competing politicians’ types from the interval [0, 1] in 
this majority-rule process. This range of candidates’ types coincides with the 
variety of attitudes in the population. 


III. IEAs and the Incentives for Strategic Voting 


We now analyze the effect of strategic voting on the outcome of an IEA. The 
sequence of decisions reflects the time structure that leads to an international 
agreement or, when negotiations fail, to a non-cooperative environmental 
policy. In the first stage, the governments are elected in each country 
simultaneously by means of majority rule. In the second stage, the successful 
politicians negotiate about the levels of domestic products and the amount of 
side payments between the countries. The bargaining outcome is described 
by the Nash-bargaining solution. This solution depends crucially on the 
threat point to which the parties fall back if negotiations fail. In this case, 
the elected governments would non-cooperatively decide on their production 
(and thus pollution) levels in the third stage, ignoring the externalities. 
However, since politicians enter negotiations initially, we refer to this three- 
stage scenario as the “cooperative” case and to the elected governments 


* The notion that politicians implement their desired policy once they are in power has recently 
been popularized in citizen—candidate models. See, for instance, Besley and Coate (1997), 
where (as in our paper) the electorate votes strategically. 
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as the “cooperative” governments. Note that any agreement attained is 
assumed to be binding for both countries. So the issue of enforcement is not 
considered. But, as our analysis shows, even under the apparently optimistic 
assumption that governments can commit to IEAs, international environmen- 
tal cooperation might be counterproductive if strategic voting takes place. 


When Negotiations Fail 


Applying backward induction, the potential non-cooperative outcome, which 
serves as the threat point for the negotiations, has to be determined before we 
turn to the bargaining solution and the result of the elections. Thus, let us 
first consider the decisions of the politicians in power in the third stage. In 
the case of a non-cooperative solution, each government carries out its 
optimal policy taking the strategy of the rival as given and ignoring its 
own impact on the other country. This yields a standard problem similar to 
the private provision of a public good. Country 7’s government chooses the 
level x;, which maximizes its utility 


VE. = Xin — 02 D( Xin + 8Xjn), (2) 


where the additional subscript n indicates the non-cooperative outcome in 
the third stage and the superscript g stands for “government” as already 
mentioned above. Hence, 6? is the shadow price of the ecological damage as 
perceived by country i’s politicians in power. This preference parameter 
enters the first-order condition? 


18D! =0. (3) 


This optimality condition trivially states that marginal environmental 
damage valued by i’s government equals the marginal income generated by 
the polluting economic activities at home. It implicitly defines the reaction 
function Ri(xjn; 02) = max{0; D''(1/62) — sxjn}, i.e., the best responses of 
the 0%-type government to the potential choices of its opponent. This func- 
tion shows that the variables x;, and x;, are strategic substitutes (Ox;,/ 
OXjn <0). More economic activities in country j increase the marginal 
damage in region i. The government in country i partly offsets this deteriora- 
tion of its environment by reducing its domestic product (i.e., its own 
polluting activities). More precisely, the quasi-linear preferences imply that 
the politicians adapt to changes abroad such that country i’s marginal 
environmental damage and thus its pollution x;,, + sx;, remain unchanged. 
Consequently, the domestic product x,, increases by s percent of the decline 


> In line with our previous notation, Di, denotes the value of derivatives of the function D(-) 
for region i’s pollution in the non-cooperative solution Xin + sXjn. 
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in the foreign level x,,. This response is the stronger, the larger the spillover 
parameter s and thus a country’s impact on the environmental damage abroad. 

As long as s<1, a unique Nash equilibrium results. In the case of 
sufficiently similar government types in the two countries, an interior solu- 
tion, 1.€., (X1;, X2,) > 0, emerges. Only if the politicians in one country are 
substantially eco-friendlier than their opponents abroad can a corner solution 
result in which one region cuts back its economic activities to zero while the 
other region chooses xj, = D/~'(1/0°). The equilibrium in the third stage of 
the game can be described as follows: 


Proposition 1. Non-cooperative environmental policy. 

If s<min{D™'(1/6})/D"'(1/83);D""(1/83)/D’" (1/81) holds, then the 
unique Nash equilibrium is given by xin(0%, G)= [D’!(1/67)—sD’- "1/8 ))/ 
(1—s*)>0. Otherwise, xin(0?)=D'~ (1/68) and Xjn = 0 results in Biusilibrium 
for OF >. 


Proof: This conclusion follows directly from considering the reaction 
functions. Hi 


The non-cooperative outcome obviously depends on the type of governments 
6% and 07. To illustrate this relationship, let us assume that in country 7 greener 
politicians come into power, i.e., 0° increases. Since an eco-friendlier govern- 
ment assigns more weight to the environment, it allows fewer polluting economic 
activities for each given strategy of country j. As the two levels x;, and x;, are 
strategic substitutes, country 7 ends up with a lower domestic product while the 
other region increases its polluting activities in response to a decline in x;,,. 

Simple comparative statics reveal the precise relationship between the 
domestic products x;, and x;, on the one hand and the type of politician 67 on 
the other. Condition (3) yields 


OXjn OX in Ss 
a = 0. 4 
oof * BF Da — 20 ~ - 


Regarding the pollution level in country i, (4) implies 0x;,/00? + 
sOxn/00% = —[D"'(08)]-' <0. This simply means that, since the cutbacks 
in polluting activities at home dominate the increase in harmful influx from 
abroad, environmental damage in country i is indeed reduced when the govern- 
ment becomes greener. Moreover, an eco-friendlier domestic policy decreases 
the amount of pollution in the neighboring country j caused by region i. But 
this improvement in the foreign environment is exactly offset by /’s additional 
pollution activities. Consequently, ecological deterioration in region 7 
will remain unaffected if country i’s government changes, i.e., 02xj,/007 + 
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sOx;/00% =0 holds—a result that stems from the quasi-linear objective 
function and the constant spillover parameter. 


Nash-bargaining Solution with Side Payments 


The equilibrium described in the preceding subsection provides the threat 
point for the bargaining over an IEA. Given the results above, we can analyze 
the Nash-bargaining solution to the talks between the two governments.° 

In the case of transboundary pollution, the governments can negotiate 
about two issues: the reduction in levels of economic activity, which 
diminishes the negative externalities, and side payments from one country 
to the other, which can compensate a region for its efforts. Although 
transfers between jurisdictions are often not explicitly contained in IEAs, they 
are indirectly included in many treaties.’ Since these side payments enter the 
payoffs of the negotiating politicians and of their voters, they shape both the 
bargaining outcome and the election results, as will soon become evident. 

If international transfers are possible, the calculation of the Nash-bargain- 
ing solution is rather simple. In this case, rational politicians first look for an 
optimal allocation from their point of view and, afterward, split the gains 
from bargaining equally. Thus, the negotiating governments agree on the 
levels of polluting activities that maximize their aggregated income minus 
the value of the ecological damage expressed in monetary terms. Having 
chosen the optimal domestic products, a transfer from one region to the other 
is determined such that each party receives the same absolute payoff increase 
relative to the threat point. Burdens and benefits arising from these side 
payments are assumed to be equally distributed within each society in order 
to avoid consideration of distributional issues. Note that both the levels of 
domestic product and the transfers agreed on reflect the governments’ 
valuation of the environment. 

These two components of an IEA may now be analyzed step by step, 
focusing first on the economic activities. In formal terms, the negotiated 
levels x;, and x;- maximize aggregated payoff 


VE AVS, = X10 — OF D( X16 + $X2¢) + X2¢ — OF D(X + $X1¢), (5) 


© See, for instance, Muthoo (1999) for an up-to-date account of how this approach can be 
justified on axiomatic and explicit game-theoretic grounds. 

’ Consider, for instance, the negotiations on tradable permits for the emission of substances 
that cause global warming. Implicit side payments can be granted through “generous” 
grandfathering of certificates to certain countries. Selling these certificates on the world 
market generates transfer-like revenues for these regions. Such side payments can have an 
important effect on international agreements, since they enable efficiency and distribution 
goals to be separated. See Chichilinsky and Heal (1994) and Eyckmans, Prost and Schokkaert 
(1993) for further discussions of this issue. 
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where the subscript c indicates the outcome in the cooperative case. As 
already mentioned, this objective function is based on the valuation of the 
politicians elected. 

Since aggregated payoff (5) is strictly concave, a unique solution results. 
In the case of an interior solution, the optimal levels x; and x2, are 
implicitly given by 


1—(1+5)6Di,=0, i=1,2, (6) 


which leads to x;-(/, 67) = [D/'(1/(1 + s)6%) — sD'(1/(. + s)6/)]/ 
(1 — s?).° In contrast to ‘the first-order condition (3), the spillover parameter Ss 
appears in (6), since the externalities of a country’s economic activities on 
its neighbor’s environment are now taken into account. In the bargaining 
solution, “worldwide” marginal damage valued by the governments equals 
marginal income generated by the polluting economic activities. Thus, 
environmental deterioration is smaller in the IEA than in the threat point 
(i.e., Di. < Din). Moreover, the externalities are completely internalized from 
the perspective of the politicians in charge. 

Of course, the optimal activity levels x,.(0), 65) and x2,(64, 05) depend 
on the preceding delegation decision of the voters. The precise relationship 
between the levels x;, and x;- on the one hand and the preference parameter 
6? on the other resembles their connection in the threat point, as usual 
comparative statics reveal: 

OX;ec z 5 Otic 2 KY $0) (7) 
oo} oe D1 — s2)(1+5)(68) 


In contrast to its counterpart in the non-cooperative case (4), (7) contains the 
additional term (1 + s), reflecting the attention now paid to the externalities. The 
opposing adjustments of the activity levels x,, and x,, to a larger value 6 follow 
immediately from condition (6). If i’s government attaches more weight to the 
environment, marginal damage D’,. and thus pollution Xio+ Myo have to be 
reduced, while, as the preference parameter OF i is unchanged, 7’s marginal damage 
Di and thus the optimal level xj.+ sxic omnaiel constant. A cleaner environment 
in country i requires that domestic product x;., which predominantly deter- 
mines 7’s ecological deterioration, be reduced. But this decline in x;, has 


* Maximizing (5) with respect to x. and x, yields 1—6%Di.—s0$D).=0 and 
1 — s0¥D\. — 05 D!,. = 0, where Di. = OD(Xic + sxjc)/O(Xie + 8xXje). Solving one of these two 
first-order conditions for 6D‘. and substituting the resulting terms into the other condition gives 
equation (6). As above, a corner solution only occurs if the government types 6f and 6 
differ substantially. To be precise, xj; =0 and x; = D''(1/(1+5)6%) results for 
s>min{D'!(1/(1+5)6/)/D' 11/1 +3)63); D'(1/(1 +5)0§)/D’1(1/(. +5)6%)}. Note that 
a solution (x1., X2-) > 0 implies (X1n, X2n) > 0 (compare (3) and (6)). 
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to be accompanied by a rise in x;, so that pollution in country j, Le., 
Xje + $Xiey Temains unaltered. Thus, an eco-friendlier government increases 
the country’s direct burden of a clean environment in terms of foregone 
domestic product, whereas the other region can even raise production and 
can bring about more worldwide pollution. 

Let us now turn to the side payments, the second issue of the negotiations. 
Since the bargaining gains are split equally between the two countries, 
transfers 7; are implicitly defined by 


Veiga Nia) — Vi (Kins Ron) + Ti = V5 (xg Xte) _ V5 AX ins Xan) + Th, (8) 


where Vi(x1¢, X2¢) and VF (xin, X2n) are the pecuniary valuations of the cooper- 
ative and non-cooperative solution from the perspective of the negotiating 
government types (see (2) and (5)). In the current two-country model, the 
payment of one region equals the receipt of its neighbor, 1e., T;=—T>. 
Hence, the transfer amounts to 


i (xe — 8; Dje) — (Xie — 9; Die) + (in — 8; Din) — (Xin — Dn)| 
Obviously, these side payments depend on the government types 07 and 65. 


The marginal impact of an eco-friendlier politician on the transfers is given 
by” 


OT; | 
age 2 


Ox ic 1 Ox jn 


SpE 5(1 + 5) OF (9) 


[P(xie Pisce) = Does sxn)| 


The RHS of (9) reflects the three channels that relate the transfers to the 
type of politician. First, a greener government in country i values the gains 
from cooperation more highly. Thus, region i7’s negotiators are willing 
to accept lower transfers. This direct effect is shown in the negative first 
term. Second, greener politicians change the cooperative solution (xj, X;c). 
As argued above, the direct burden of an international agreement in terms of 
a lower level x;. is shifted to the country with an eco-friendlier government. 
Since this cuts the benefits of that region, transfers are redirected to com- 
pensate the eco-friendlier country for its contributions to a cleaner environ- 
ment. This indirect effect boils down to —s0x;./00% > 0. Finally, the 
government type determines the threat point as well. Since an eco-friendlier 
government in country i increases the level x;,, and thus the associated 
externalities (see (4)), it gains more from internalizing them. Consequently, it 
agrees to lower transfers 7;, which are described by the third term. 


° To rearrange the terms of the derivative, we use the first-order conditions in the cooperative 
and non-cooperative case, (3) and (6), as well as the respective results from comparative 
statics, (4) and (7). 
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Combining the effects of eco-friendlier politicians on the economic activ- 
ities and the transfer yields O(x;-+T7;)/00% <0. “Total” domestic income 
Xic+T; definitely falls in response to a greener government. Although 
increasing a country’s environmental efforts might be rewarded by side pay- 
ments by the opponent, this cannot completely compensate for the fall in 
domestic product. On the other hand, country i’s damage decreases 
(Oxje/00 +sOxj-/00% = —[D".(1+5)(0%)]-'<0) in response to an eco- 
friendlier government at home, while ecological deterioration in region j 
remains unaltered. As in the non-cooperative case, quasi-linear preferences 
imply 0x;-/007 + sOx;./007 =0. 


Strategic Voting and Cooperative Governments 


In the first stage, the citizens elect the government by majority voting. Since 
possible transfers affect a voter’s income, they have to be included in the 
individual objective functions. Thus, taking the election result of the other 
region as given, citizen / in country i supports the politician type 0% which 
maximizes her payoff including side payments 

PH = Xie (0%. 0°) -0!D(xic (08 0") +5Xjo (08 9*)) ef (08 0) . (10) 
As the voters’ preferences only differ in the parameter gh, the median-voter 
theorem can be applied if the payoff function (10) is strictly concave in 6°. 
This sufficient condition for single-peakedness is satisfied, for instance, for 
the class of iso-elastic damage functions D= (x;, + sxjc) F711 +o), where 
o>0. But even if the payoff were not single-peaked, the median voter 
would still be pivotal because the weaker single-crossing property holds in 
our framework without imposing any further assumption.’ Thus, in any 
case, a Condorcet winner exists in the set of politicians and coincides with 
the preferred candidate of the median voter. Then, analyzing the median’s 
optimal choice 0% is sufficient to determine the government types in the 
subgame-perfect policy equilibrium. 

The voters indirectly affect the final outcome (x,,, x2.) through their choice 
of the governments which bargain over an IEA. Quasi-linear preferences yield 


'0 A brief sketch of the proof that this property is fulfilled runs as follows. The citizens’ 
preferences show the trade-off between “total income” (domestic income and transfers 
Xic+T;) and environmental damage D,;.. While “total income” and environmental damage 
are identical for all households, voters differ with respect to their type 0”. Since the marginal 
rate of substitution MRS = —[OP!/0D;.]/[OP),/O(xie+T;)] = 9! is linear in the voters’ type 
0", the Spence—Mirrlees condition is satisfied and preferences exhibit the single-crossing 
property; see Gans and Smart (1996) for details. 
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a dominant strategy at the polls, and the Condorcet winner is characterized by 
the median voter’s first-order condition 


O(Xie + T;) m py OXie OX;c = 
a —¢@ Di (Spe + sph = 0, 


where Oxi-/00%, Oxj-/00% and OT;/00% are given by (7) and (9).'! This 
condition clarifies the voter’s trade-off, already indicated by the comparative 
statics in previous subsections. A greener government indeed achieves a 
reduction in the environmental damage in region i (see the second term), but, 
since this weakens the country’s bargaining power, it does so at the expense 
of a lower “total income” x;,.+ 7; in equilibrium (see the first term). 

The impact of the governments’ types on the IEA implies that, in optimum, 
each median voter chooses a government which cares less about the ecologi- 
cal system than she herself does, i.e., 0° <6”. Since this strategic delegation 
credibly commits the country to rejecting painful policies in favor of a cleaner 
environment, it shifts the costs of improvements over the non-cooperative 
outcome measured in terms of forgone income to the neighboring country. 

This attempt to receive a larger share of the bargaining gains has an 
obvious drawback which limits the benefits of strategic voting: environmen- 
tal damage is suboptimally high from the perspective of both median voters. 
Of course, the negotiators are completely satisfied with the IEA. There is no 
treaty which improves the payoff of one government without reducing the 
benefits of its opponent. But since the politicians undervalue the environ- 
ment in the medians’ view, the outcome of the agreement (x,, x2.) implies a 
suboptimally low aggregate payoff V7 + V5" even in the case of an IEA. 
The problem of free-riding is simply shifted from the level of the politicians 
to the electorates in the two countries, and the median voters end up in a 
prisoners’ dilemma. In the resulting symmetric outcome, strategic voting 
makes the median voters in both countries worse off. 

The following proposition summarizes the major properties of the 
subgame-perfect Nash equilibrium of the entire game. 


(11) 


Proposition 2. Strategic voting and IEA. 
(i) In the symmetric subgame-perfect equilibrium, governments which bargain 
over an IEA are less green than the median voters, i.e., G; = 05 =: 9 <9” ; 
where the superscript C stands for “cooperative”’ government. 


'! Given our setting with identical countries, we focus on symmetric equilibria in which the 
usual first-order conditions are satisfied. Note that, although transfers equal zero in a 
symmetric equilibrium, the simple possibility of side payments already shapes the voters’ 
first-order conditions and thus the type of the successful candidate. 
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(ii) From the perspective of both countries’ median voters, the Nash- 
bargaining solution is suboptimal and allows too high a level of envir- 
onmental degradation. 


Proof: (i) Inserting (4), (6), (7) and (9) into the first-order condition (11) 
and rearranging terms yield 


oP OXic g” Din = Dic el + S)s OXin 
~=(1-s) 1 | 
O08 aor | OF 2 2 OOF 


1 L 


=0. (12) 


Since Dj, — Die >0 and Ox;,/00% <0 hold, this derivative is negative for 
6? > 6” and, thus, the median votes for a politician with 0° < 0”. Hence, 
symmetry yields 0f = 05 =: 0° < 0". Moreover, quasi-linear preferences 
imply that each voter has a dominant strategy. (ii) From the perspective of 
the median voters, an optimal payoff requires (1 + s)6’D{. = 1 instead of 


(1 + s)6° Di, = | and therefore less pollution. I 


IV. Does Cooperation Foster Greener Governments? 


Above, we explored strategic voting when politicians try to find a coopera- 
tive solution to international environmental problems. It turned out that 
negotiating governments care less about ecological degradation than the 
medians themselves. Despite an IEA, the environmental damage is subopti- 
mally high from the perspective of the median voters. Thus, the question 
arises as to whether cooperation between countries is indeed in the interest of 
the green citizens. To provide an answer, we compare the previous equili- 
brium with a contrasting benchmark where the politicians do not engage in 
negotiations and instead decide on their policy non-cooperatively after get- 
ting elected. This benchmark is called “isolationist” equilibrium. Comparing 
the “cooperative” and the “isolationist”? outcome also provides some addi- 
tional insights into the underlying incentive structure of the previous case. 
Moreover, it is important from a political point of view. Since IEAs are 
regarded as welfare enhancing, considerable effort is devoted to overcoming 
the various obstacles to this form of international cooperation. But if the 
resulting agreements do not dominate the isolationist solution, they lose 
some of their alleged attractiveness and alternative approaches to inter- 
national environmental problems become necessary. 


Strategic Voting and “‘Isolationist’’ Governments 


In the isolationist scenario, the game has only two stages. The governments, 
which are strategically elected in the first stage, non-cooperatively determine 
their policy in the second stage as already described. The resulting Nash 
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equilibrium (xj, X2,) is then the final outcome of the entire two-stage game, 
while in the case of bargaining this non-cooperative solution only constitutes 
the threat point. The incentives for strategic voting are therefore different in 
the cooperative and the isolationist case. Consequently, the types of the 
elected politicians and the levels of economic activity need not be identical 
in the two scenarios. 

Anticipating government behavior, the countries’ electorates simultaneously 
make their choice at the polls. Since the citizens’ preferences are single-peaked, 
the median voter is again pivotal in each region’s election. She maximizes 


Vin = n(8F, 67) — 0" D(xn(0F.0F) + 9xn(8F.97)) (13) 


with respect to the region’s government type 6%. The impact of this type on a 
voter’s payoff is given by the first-order condition 


Ox. in Ox. in Ox in Ox in 

e” Di. ts | = [1 1-)0"D,| = 0, 14 

The interpretation of this expression follows directly from the comparative 
statics derived in Section III. On the one hand, an eco-friendlier government 
cuts domestic product. This effect is captured by the first term on the LHS, 
which is negative as shown in (4). On the other hand, a greener government 
leads to lower domestic environmental damage, although there are more 
polluting activities abroad. This is reflected in the second term. 

In the isolationist scenario, strategic voting again results in a government 
that assigns less weight to the environment than the median voter. The 
explanation for this conclusion relies on familiar arguments. Electing a 
less green government in country 7 implies an increase in i’s economic 
activity level. In response to rising transboundary pollution, j’s government 
reduces its economic activities to curb damage in its own region, which in 
turn improves i’s environment. Hence, by strategic delegation in one coun- 
try, the burden of a cleaner environment is shifted abroad. In other words, 
the voters want to commit their country to a more aggressive policy to push 
it into the position of a Stackelberg leader.'” 

In the current framework with quasi-linear preferences, the optimal stra- 
tegic delegation can be calculated exactly. Following directly from the 
decisive individual and the governmental first-order conditions (14) and 
(3), the median voters have a dominant delegation strategy 


'? This conclusion is in line with a result in Fershtman and Judd (1987). They show that, in 
Cournot duopoly, firm owners twist their managers away from profit maximizing by providing 
incentives for sales. The intention of this strategy is for the firm to become a Stackelberg 
leader. 
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O := 68 = 08 = (1-8°)6" < 6", (15) 


where the superscript J indicates the isolationist government. Since this 
argumentation holds for the median voters in both countries, strategic voting 
boosts the regions’ environmental damage. Note, however, that pollution 
levels would be suboptimally high from the perspective of the medians even 
if the governments were of the 0”’-type. Thus, strategic voting reinforces the 
underprovision of environmental quality and lowers the median voters’ 
payoff. 


Proposition 3. Strategic voting and isolationist governments. 
(i) The dominant strategy of each country’s median voter is given by 
6’ =(1 —s*)0”. 
(ii) Strategic voting increases environmental damage in each region. 
(iii) Strategic voting reduces the payoff of both countries’ median voters in 
the subgame-perfect policy equilibrium, i.e., 


V2"(xin(O", 0"), Xan", 0")) < VP"(x1n(O", 0"), X2n(0",0")). 


Proof: (i) Obvious. (ii) Since D; is strictly convex, the assertion follows 
directly from equation (3) and (i). (111) In symmetric equilibrium, x), = X2n =: Xp 
results. Then, the median voters’ payoff is given by V""(x,)=xX,— 
6”’D(1+s)x,). This function is strictly concave and peaks at x*—the 
symmetric production level at which the median voters’ payoff is maximized. 
Non-cooperative behavior and part (ii) imply that x* <x,(0”, 0”) <x,(6, 6’) 
and thus statement (iii). 


I 


“Cooperation”’ versus “Tsolationism’ 


At first glance, governments which negotiate with each other might be 
expected to be eco-friendlier than isolationist governments. The idea under- 
lying this suggestion is simply that, compared with the scenario in which 
bargaining takes place after the elections, voters might be less prepared to 
make concessions and support green representatives when environmental 
policy is decided non-cooperatively. This conjecture, however, proves to 
be incorrect. By contrast, the isolationist government is more concerned 
about the environment than the cooperative government (i.e., 6’ > 0% for 
all s € (0,1). Only if we approach a purely local, or a perfectly “global”, 
environmental problem (i.e., s — 0 or s — 1), do the equilibrium govern- 
ment types 6’ and 6° converge toward each other. In the case of “global” 
pollution, the successful candidates do not assign any weight to the environ- 
ment in both the cooperative and isolationist scenario. 
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To see the intuition behind these conclusions, we compare the voters’ 
incentives in the two scenarios. In the case of an isolationist government, the 
citizens elect politicians who are less green than the median voters in order 
to improve their countries’ position in the governments’ non-cooperative 
game. There is an analogous motive in the case with negotiations. If i’s 
median voter supports a less eco-friendly government, the outcome (Xj, Xjn) 
in the threat point shifts in her favor and at the expense of the other country. 
Since this reduces (increases) the benefits to region i (j) from an IEA 
compared with the potential non-cooperative solution, the transfers from 
jurisdiction 7 to 7 rise. Apart from this indirect effect, a government that 
gives less prominence to the environment directly strengthens the bargaining 
position of its country. As pointed out above, a less eco-friendly govern- 
ment reduces a region’s obligations to cut its emissions in the cooperative 
solution. This reinforces the benefits of strategic voting. Thus, there is a 
“double” incentive to elect politicians who assign a low weight to the 
environment. This “double” incentive explains why cooperative govern- 
ments are less green than their counterparts in the isolationist scenario. 

If the cooperative and isolationist governments were identical, environ- 
mental damage would obviously be lower in the case of an international 
treaty. But, since anticipating an IEA strongly reinforces the free-riding 
behavior of the electorates in both countries, bargaining does not neces- 
sarily reduce pollution compared to the isolationist outcome in a world 
with endogenously determined governments. Indeed, ecological deteriora- 
tion in each region is higher in the cooperative solution than in the 
isolationist equilibrium—at least if, first, the spillover parameter s 
exceeds a critical value s””” € [0,1) and, second, the damage function is 
not too convex. Moreover, for the iso-elastic damage function 
D=(Xin + sxjn)'T 7/0 +a), ¢>0, this ranking of environmental quality 
in the two scenarios holds, independent of the size of the parameter s 
and o. Note that, from the median voters’ perspective, pollution is already 
too high in the isolationist scenario. Thus, reaching an IEA even lowers 
the payoff of both countries’ pivotal citizens compared to the situation 
where no bargaining takes place. 

It is only when the environmental problem is purely local or “global”? that 
this result does not hold. In the absence of transboundary pollution, the 
international environmental problem obviously disappears and thus the 
incentives for strategic delegation. In the other extreme with s— 1, a very 
strong free-riding motive yields cooperative as well as isolationist govern- 
ments which totally ignore environmental issues. Consequently, the environ- 
mental damage surges toward infinity in both scenarios. 

Proposition 4 summarizes our comparisons of government types, environ- 
mental damage and the median voter’s payoff in the cooperative and the 
isolationist scenario. 
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Proposition 4. Comparison of cooperative and isolationist scenario. 

(i) For s € (0,1) and D'” <0, the cooperative government of each country is 
less green than its isolationist counterparts, i.e., 0° <6 holds. Moreover, 
environmental damage is strictly larger in the cooperative than in the 
isolationist scenario if the spillover s strictly exceeds a critical value 
s” € [0, 1). In this case, the median voter’s payoff is strictly smaller in 
the cooperative scenario than in the isolationist scenario. If D= 
(Xin + 8xjn)'T7/( +0), o > 0, then s”” =0 results (even for D!" > 0). 

(ii) If the environmental problem becomes “global” (s — 1), then, first, both 
isolationist and cooperative governments assign no weight at all to the 
environment, i.é., lim,_, 0° =lim,_, 6 =0 holds, and, second, environ- 
mental damage soars to infinity in both scenarios. 


Proof: See the Appendix. 


These results shed some additional light on Hoel (1991), who analyzes the 
negotiations of two countries over pollution reduction. He argues that a 
region not only ends up with less welfare, but it might even induce an 
increase in total pollution if it is unilaterally willing to cut its emission by 
more than the amount that would follow from its “true” preferences. In 
contrast to our paper, Hoel (1991) does not explain how a country can 
commit to a policy which is not in accordance with its “true” taste.'? 
Nevertheless, the basic idea that being greener does not necessarily pay is 
confirmed in our analysis with credible commitments. But, as we show, 
neither does being bilaterally less eco-friendly in equilibrium, at least from 
the perspective of the median voters. 

Finally, note that we both strengthen and qualify the results in Segendorff 
(1998). He considers the conflict between two principals (each representing 
a country) who can appoint an agent for negotiations over the provision of a 
pure international public good. The result is that the outcome of the agree- 
ment is inferior to the solution of the non-cooperative game between the 
principals from the perspective of these individuals. 

In Segendorff’s setting, the principals’ preferences are linear in the pure 
public good. As a consequence, incentives for strategic delegation are 
excluded from the outset in the isolationist scenario, and the principals 
themselves decide on the non-cooperative policy in this case. Strategic 
delegation to agents who assign lower weight to the public good than the 
principals occurs only when negotiations take place. By contrast, our frame- 
work stresses the incentives for strategic voting in both the cooperative and 


'3 Hoel assumes that when a country decides on its emissions, it simply mimics someone with 
an eco-friendlier objective function. But this kind of “delegation”’ is not credible. 
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the isolationist case. Thus, although the strategically elected isolationist 
governments are less green than the median voters, they are still eco- 
friendlier than the cooperative governments and lead to lower pollution 
levels than negotiations do. In this sense, our results are stronger than 
Segendorff’s. In the present framework, ‘isolationism’? becomes rather 
attractive because of the “double” incentive to vote for a less eco-friendly 
politician in the cooperative scenario. 

Moreover, we cover different levels of transboundary pollution, whereas 
Segendorff (1998) considers the case of a pure public good (i.e., s > | in our 
model). As a consequence, we argue that in equilibrium the government 
types in the two scenarios converge toward each other in the proximity of 
“global” pollution. So, precisely in this case, the distinct incentives for 
strategic delegation are less important. Ultimately, however, this is not 
promising news as it simply reflects the strong free-riding motives of the 
electorate when dealing with a pure public good. 


V. Concluding Remarks 


Strategic voting implies, as its most obvious effect, that median voters are 
fooled by their very behavior at the polls. Even in a situation where negotia- 
tions lead to optimal outcomes from the governments’ perspectives, envir- 
onmental damage is suboptimally high in the view of pivotal citizens. 
Moreover, if pollution becomes “global”, politicians who pay no attention 
at all to ecological degradation are elected.'* In this case, where international 
cooperation is needed the most, environmental damage soars, as it does in 
the isolationist solution. A perhaps even more disturbing message is that 
anticipating a bargaining process reinforces citizens’ incentives to misrepre- 
sent their preferences. As a consequence, the median voter can be better off 
in the isolationist scenario than in the cooperative solution. 

Our conclusions appear to be robust with respect to different extensions. 
For instance, our model can be modified to capture situations with asym- 
metric spillovers (as in the case of substances that cause acid rain), although 
corner solutions might complicate the analysis. Another ramification could 
involve strategically elected governments which, in turn, delegate negotiat- 
ing power to an agent. If this form of ‘“‘double delegation” leads to “double 
underestimation” of the environment, bargaining might cause even higher 
losses for the median voters. 


‘4 The negative effect of delegation on the efficiency of bargaining solutions has also been 
supported empirically; see the experimental study of Schotter, Zheng and Snyder (2000). 
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Nevertheless, from a policy-oriented perspective, our result should not be 
misinterpreted as saying that international cooperation is detrimental. 
Rather, it should be understood as a warning that the outcome of cooperative 
efforts crucially depends on how cooperation comes about. Since the parti- 
cipating countries remain independent and deal with environmental issues 
case-by-case, IEAs constitute a rather weak form of cooperation. The fact 
that the consequences of negotiations over a specific IEA can be anticipated 
enables a country to manipulate strategically its starting position in order to 
shift the costs of the measures adopted to other countries. This type of rent- 
seeking behavior explains why negotiations in themselves cannot prevent 
misallocation and end up in a prisoners’ dilemma. But this problem of 
strategic behavior could be mitigated if the links between the countries are 
strengthened, such that loose cooperation evolves into political integration 
and cost-sharing rules are fixed ex ante. Since the same rules would cover a 
large variety of problems, the incentives to manipulate these basic rules 
overlap, or are even opposed, and the scope for strategic (mis-)behavior 
diminishes. Furthermore, as the member states of a political union devise 
such rules long before they are applied, there is a “‘veil of ignorance”? at the 
constitutional stage where the fundamental terms of integration are agreed 
on. Since this also makes strategic behavior less likely, political integration 
can, in principle, overcome the prisoners’ dilemma of both isolationism and 
case-by-case negotiations. 

The policy implication of the observed deficiencies of IEAs is not to 
suspend international cooperation, but rather to analyze alternative and 
more promising forms of cooperation more carefully. From the perspective 
of our paper, well-developed political unions like the EU might be 
expected to be more effective in tackling interregional environmental 
problems than non-integrated countries which have to initiate ad hoc 
negotiations case-by-case. Thus, results ad /a Murdoch and Sandler 
(1997), showing that IEAs merely codify the non-cooperative outcome, 
should be less likely if an environmental policy is adopted within or by a 
political union. In this sense, our model might also imply some kind of 
empirically testable prediction. 


Appendix. Proof of Proposition 4 

(i) Part 1: Equations (4) and (7) lead to Oxjn/007 = (1 + s)(D¥./D' )Ox;./00%. Using this 
expression and (9), the median voter’s first-order condition in the “cooperative” case 
(12) is given by 


oP - OXie 1 


age (Din De) =0. (Al) 


e"\ — s(1+.s)°D", 
(1 (1 ) Ip! 
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Since Dj, — Dj. >0 and Ox;-/00 <0, the term in square brackets of (Al) has to be 
negative, which in turn yields 


ra 2(1 — s)6™ 
O< 7 : 
2(1 —s) + s(1 +5) (Di! /D!,) 


(A2) 


From D’ > 0 and D’/” <0, D/./D', > 1 follows. Then, the term on the RHS of (A2) is 
smaller than 6’ = (1 — s”)6”. Hence, 0° < 6’ results. 

Part 2: Using conditions (3) and (6) as well as (15) reveals that environmental damage 
is larger in the cooperative case than in the isolationist case if and only if [(1 + oq! = 
[d —s*)6"]-' => 6° <(1—s)6” results. The RHS of (A2) implies that the relation 
g° <(1—s)0” holds if s > (2D"/D!)'?—1 <1 (note that D!/D!. <1 for D” <0). 
Thus, there exists a threshold value s””"” € [0,1) such that the suggested environmental 
ranking holds for s > s”"”. 

Part 3: In the cooperative and the isolationist equilibrium, we obtain a symmetric 
solution with production levels x. :=X1¢=X2¢ and X;!=X1n =X2n, respectively, and trans- 
fer T=0. In both cases, the median voter’s equilibrium payoff is thus given by V’""(x) = 
x—6"D((1+5)x), which is strictly concave. The function V(x) has a single peak at 
x*—the symmetric production level at which the median voter’s payoff is maximized. 
As x,<X- for s>s”” (which follows from Part 2) and x*<x, (see proof of 
Proposition 3 (iii)), we obtain V(x.) <V"(x,) <V"(x*). Hence, isolationism yields 
a higher payoff than cooperation for s>s””. 

Part 4: If D=(Xin + 5xjn)'*7/(1 +0), 7 > 0, then 


2(1+0)(1—s)e" 
2(1+o)+f(s) ’ (A3) 
where f(s) =(1 + s)"*/"(o +s) — 2s +05 +o]. 


0c = 


Consequently, 0° < (1 —s)6” (and thus D,.(0°, 0% > D;,(6", 6’)) holds if f(s) > 0 results. 
Since f(0) = 0, f’(0) =0 and f”(0) > 0, this is the case for all s € (0, 1). 

(ii) We know from (15) and (i) that lim,., 6’=0 > 6°. The non-negativity of 6° 
completes the proof. The assertion lim,_,,; D= 0d in each scenario follows from (3), (6) 
and lim,_,; 0° = lim,_,, 6’=0. 
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